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process. An electron-proton collision is much faster. A colliding fast electron
passes through the shielding electron cluster at, say, 100,000 km s
 1
and is
immediately accelerated toward the central proton. In some collisions the electron
passes near the proton, through the volume inaccessible in a proton-proton
collision.
A proton can suer both a proton and an electron collision simultaneously.
Such collisions may be infrequent, but they are more probable than tunneling,
and they determine the pp reaction rate. When a fast electron penetrates the
electron cluster during a proton-proton collision it is attracted by both protons. If
the electron approaches from a polar direction with respect to the proton-proton
axis, it helps to pull the protons apart and it prevents tunneling. If the electron
approaches equatorially, it shields the protons from each other and accelerates
them toward each other. Part of the kinetic energy of the electron contributes to
the pp reaction. When the electron leaves, the two protons are closer than they
would have been on their own and the tunneling probability has greatly increased.
The reaction p + p + e > d + e + e
+
+  requires lower proton energies than
the reaction p + p > d + e
+
+ . A solar central temperature of, say, 10  10
6
K
produces the same energy and neutrino yield as 15  10
6
K for the pp reaction
without the electron boost. At 10  10
6
K pp side chain reactions are much slower
than at 15  10
6
K and produce the low neutrino rates that are actually observed.
These descriptive comments are made to encourage detailed three-body,
relativistic, quantum collision calculations for the pp reaction. Until such
calculations become available, the problem can be investigated with solar
evolutionary models by making ad hoc increases in the pp reaction rate until
the model yields the observed neutrino ux.










Be + p, and
7
Li + p are coulomb barrier reactions and also have
to be recalculated. The Be and B neutrinos do not come from coulomb barrier
reactions so they are not directly aected.
Light element burning occurs at lower temperatures than have been assumed.
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